Background: Women with epilepsy and their doctors are often unsure of the implications of the disease and the limitations it causes. There is a major need for counseling.
A round 400 000 women in Germany suffer from epilepsy. Three or four of every 1000 children are born to mothers with epilepsy (1) . Surveys reveal that many of the women concerned feel they do not receive proper advice and are indeed objectively poorly informed (2) .
The following review discusses the data on epilepsy, hormonal influences (catamenial epilepsy), choice of antiepileptic drugs, influence of drugs on the endocrine metabolism (e.g. polycystic ovary), contraception, conception, and pregnancy that were obtained from a selective review of the literature. The recommendations on conception and pregnancy adhere to the guidelines or recommendations of the German Society of Neurology (Deutsche Gesellschaft für Neurologie) (S1), the German Society of Epileptology (Deutsche Gesell schaft für Epileptologie), and the American Epilepsy Society. Owing to a lack of controlled studies, only low-level evidence is available regarding the other issues.
Seizure frequency and sex hormones
When a girl reaches puberty there is a sharp rise in the amplitude and frequency of her gonadotropin-releasing hormone (GnRH) pulse, with a consecutive increase in the secretion of follicle-stimulating hormone (FSH) and luteinizing hormone (LH) and rising serum concentrations of estrogens. The progesterone level increases with the increasing number of ovulatory cycles.
Estrogens are ascribed a seizure-promoting effect, although studies on the mechanisms have yielded conflicting findings.
Progesterone has a better-substantiated seizureinhibiting effect (e1, 3). Some female epilepsy patients describe a cycle-dependent increase in seizures. Figures on the frequency of cycle-related epileptic seizures (catamenial clusters) vary between 10% and 78% according to the definition used. A now generally accepted empirical definition of this concentration of seizures requires demonstration of a doubled daily seizure frequency at a particular phase of the ovulatory cycle in at least six consecutive months. According to this definition around a third of women with epilepsy suffer from a cycle-linked increase in the frequency of seizures (3) . Three phases with typical catamenial clustering of seizures can be distinguished:
• Periovulatory estrogen peak (days 10 to 13) • Perimenstrually with typical fall in gestagen at the end of the cycle (day 3)
• The whole second half of the cycle in disorders of luteal function, i.e., inadequate progesterone level (day 10 to day 3 of next cycle) (3, 4) A seizure calendar with simultaneous documentation of the menstruation cycle and daily basal temperature helps to resolve any suspicion of catamenial seizure clustering. It may also be useful to determine the progesterone level in the middle of the luteal phase in order to identify cycles with an inadequate luteal phase. Remarkably often, patients' subjective perceptions of perimenstrual clustering of seizures cannot be confirmed objectively.
Treatment options in confirmed cycle-related seizure clustering
The only studies published on this topic are open-label investigations with small numbers of patients or case studies, according to which progesterone and progestin, GnRH analogs, and antiestrogens (clomiphen) have led to a reduction in seizure frequency. Between 42% and 80% of women benefited in that they suffered fewer seizures; in a few cases, the seizures ceased completely (3, 5) . Cyclic administration of clobazam during the perimenstrual phase (10 days) resulted in freedom from seizures in ten of 24 women. In a follow-up study, seizure frequency was reduced by half for 3 years in four of ten women without development of tolerance (e2).
Impact of antiepileptic drugs on the endocrine metabolism
Significant decreases in LH and estradiol and significant increases in sex-hormone-binding globulins (SHBG) and prolactin can be observed during treatment with antiepileptic drugs (AED) such as phenytoin, phenobarbital, and carbamazepine (6) . The increased protein binding that results from the rise in SHBG lowers the serum concentrations of the free active sex steroids.
Polycystic ovary syndrome (PCOS), manifesting with oligo-or amenorrhea, hyperandrogenemia or signs of hyperandrogenization, and polycystic ovaries on sonography, seems to occur more frequently in women with epilepsy, even those who are not taking AED, than in the normal population (12.5% to 26% versus 6.6%) (7, 8) .
Valproate treatment has been linked with the development of PCOS. The endocrine system appears to be affected more often in women who had started on valproate before the age of 20 years (9) . Valproate leads to elevation of the testosterone level in up to 57% of postpubertal girls (e3) .
Weight gain, a frequent adverse effect of treatment with valproate, presumably arises from valproateinduced hyperinsulinemia or insulin resistance and from hyperleptinemia with leptin resistance (10) . The typical increase in weight can worsen the cardiovascular risk profile (11) . Therefore women with epilepsy should be questioned about irregularities of the menstrual cycle, signs of virilization should be checked, and their weight should be documented, so that further investigations can be initiated if required.
Fertility
Disorders of fertility are more frequent in women with epilepsy than in the normal population (e4). Amenorrhea can be seen in 15% to 20% of female epilepsy patients, other disorders of the menstrual cycle, including intracyclic bleeding, in almost 50% (e5). The precise pathomechanisms have not yet been fully clarified. The possible causes include disturbances of the hypothalamus-hypophysis axis by the epilepsy (e6) and the above-mentioned influence of AED on the endocrine metabolism (e7). Anovulatory cycles, hypogonadotropic amenorrhea, and PCOS are found more often in temporal lobe epilepsy (e8).
Contraception in women with epilepsy
The efficacy of some AED is affected by oral contraceptives (OC), and vice versa. The AED that can reduce the safety of synthetic contraceptive steroids by increasing their clearance include the strong CYP3a inducers carbamazepine, phenytoin, and phenobarbital and the less powerful CYP3a inducers oxcarbazepine and topimarate (12) . Lamotrigine has no effect on the ethinylestradiol level, but lowers the levonorgestrel level by up to 20% (13) . The consequences for contraceptive protection are not known. Table 1 lists the effects of the most commonly used AED on contraceptive protection.
It is assumed that the Pearl index of the most popular contraceptive pills (0.1 to 0.7) (e9) doubles on intake of enzyme-inducing AED, although the only evidence for this comes from non-prospective studies with small numbers of cases (13) . Contraceptive protection can be improved by long-cycle therapy using a monophasic OC with high progesterone content-at least double the ovulation-inhibiting dose (12) . The ovulationinhibiting daily doses of the progestins most often found in contraceptive pills are listed in Table 2 . Exclusively gestagen-containing preparations are not safe if enzyme-inducing AED are also being taken and are thus unsuitable.
The above-mentioned interactions between enzymeinducing AED and hormonal contraception also apply to other applications of ovulation-inhibiting substances Women who need enzyme-inducing AED are currently advised not to rely on hormonal preparations, but to choose another form of contraception (e.g., a spiral) and also use condoms.
There are no data regarding the efficacy of the "morning-after pill;" it is not known what doses of progestin are necessary to prevent pregnancy in a woman who is taking enzyme-inducing AED. Current recommendations favor taking 1.5 mg levonorgestrel as soon as possible, followed by 0.75 mg levonorgestrel 12 h later (12) .
One alternative to hormonal contraception is represented by copper-containing spirals (intrauterine device, IUD). The dreaded complication of ascending vaginal infection, possibly culminating in tubo-ovarian abscess, is rare among women in a stable partnership who have no history of recurring vaginal/cervical inflammation. It is currently unknown to what extent the local gestagen effects of hormone spirals may be reduced by enzyme-inducing AED (12) .
The serum concentrations of some AED-above all lamotrigine (by as much as 50%)-are appreciably lowered by contraceptives containing ethinylestradiol. A woman using one of the classic OC with an "off week" may experience cyclical weakening of the effect of AED treatment or toxic drug concentrations during the 7 days when she is not taking the pill (14) . These fluctuations can be avoided by long-cycle therapy with monophasic preparations. In some cases the dosage of lamotrigine may need to be adjusted at the beginning and the end of hormonal contraception.
Pregnancy and epilepsy

Risk of transmission
Epilepsy is etiologically heterogeneous and is caused by a large number of genetic and non-genetic factors (15) . Only in very rare monogenic forms of epilepsy is the genetic risk chromosomally defined and precisely quantified. The generalized epilepsy syndromes bear a somewhat higher risk of inheritance than the focal forms of epilepsy. Taking all syndromes together, the risk of transmission is 4% to 5% for children of women with epilepsy and ca. 2% for those whose fathers have epilepsy (15) . More than 90% of all patients with epilepsy have no family history of the disease.
Epileptic seizures during pregnancy
In 67% of women with epilepsy the frequency of seizures stays unaltered during pregnancy, in 17% there is an increase, and in 16% seizure frequency decreases (16) .
For fear of harming the unborn child, AED are often reduced or discontinued; this can cause an increase in seizure frequency. Pharmacokinetic changes during pregnancy, such as alterations in gastric motility, plasma volume, volume of distribution, hepatic and renal function, and protein binding, play a role. This leads to fluctuations in drug clearance. For oxcarbazepine and lamotrigine, there is solid evidence of decreased serum levels with an increase in seizures during pregnancy, followed by a rise in serum concentrations after childbirth (17) . Dose adjustments in pregnancy make sense and require comparative data from pre-pregnancy analyses in the same laboratory. If seizures recur, the drug dose has to be increased. After childbirth the renewed rise in serum concentration can lead to adverse effects.
The impact of epileptic seizures on embryogenesis or fetal development is not well documented. It is plausible that the fetus may be at risk in the event of persisting hypoxemia or hypercapnia during generalized tonic-clonic seizures.
One study documented a clear decrease in fetal heart rate to under 120 beats/min (minimum: 60 beats/min) for over 20 min during a short generalized tonic-clonic seizure (e10). Moreover, fetal hemorrhages, early abortions, and stillbirths have been reported after such seizures (e11). Among the 36 cases of status epilepticus registered in the European Pregnancy Registry, one woman had an early abortion and one a stillbirth (16) . The fetus may be endangered if a seizure causes the mother to fall, with the risk of uterine injury or placental bruising or detachment.
The central goal of antiepileptic treatment in a pregnant woman remains the complete avoidance of seizures.
Teratogenicity of antiepileptic drugs
On the basis of the-predominantly retrospective-studies published to date, the risk of congenital malformations and of abortion or miscarriage is higher in women with epilepsy who take AED than in the normal population (3% to 9% versus 1% to 2%) (18, e12) . Monotherapy involves a much lower risk of malformations than combined therapy (4% to 6% versus 6% to 17%) (18, e12) . The highest rate of malformations is seen in children born to women who have been taking valproate at daily doses of more than 1000 mg (Table 3) .
There is evidence of substance-specific malformations for valproate (neural tube defects, cleft lip/ jaw/palate), carbamazepine and phenytoin (cleft palate), and phenobarbital (cardiac malformations) (19) . Early data from the first large prospective European pregnancy registry (EURAP) are expected soon (Box 1). The current guidelines of the American Epilepsy Society (19) and the German Society for Epileptology (20) , recommend that valproate should be avoided during the first trimester of pregnancy. Because of the high efficacy of valproate, particularly in idiopathic generalized epilepsy, these recommendations cannot always be implemented (21, e13) (see Box 2a for further recommendations).
If the patient is already pregnant, switching to other drugs is pointless because it typically takes weeks or months to complete the changeover (for recommendations see Box 2b).
BOX 1
European Registry of Antiepileptic Drugs and Pregnancy (EURAP)
• Please enter pregnant women with epilepsy in the EURAP registry
• German-language information material for women with epilepsy and their doctors can be found at www.eurap.de.
BOX 2a
Recommendations for women with epilepsy before a planned pregnancy • Lamotrigine: because of the anticipated decrease in serum concentration, women taking this drug should have their serum level tested (pre-dose sampling, all tests in same laboratory) at the beginning of pregnancy and in the second and third trimesters; the dosage can be adjusted as required.
BOX 2b
Recommendations for women with epilepsy during pregnancy
• Avoid major changes in medication • Take1 to 5 mg folic acid daily during first trimester • Try to reduce drug treatment to monotherapy at the lowest effective dosage
• Peripartal vitamin K intake by the mother is currently not recommended Gynecological care of women with epilepsy during pregnancy differs hardly at all from that of healthy women (Box 3).
Delayed development and cognitive deficits
Pregnancy registries principally record major malformations and abortions. However, an increasing number of studies are showing a dose-dependent association between valproate exposure and low IQ in the children of mothers with epilepsy (22) .
Folic acid substitution / prenatal vitamin K administration Folic acid deficiency leads to a higher rate of neural tube defects in the normal population. Neural tube defects are known to occur with valproate (1% to 2%) and carbamazepine (0.5%). Folic acid substitution is advised for women who take AED and want to conceive. The daily dose varies between 0.4 mg and 5 mg in the first trimester of pregnancy (e14).
All women who want to bear a child are recommended to take 0.4 mg of folic acid each day before conception and during the first trimester. Those taking AED, particularly valproate or carbamazepine, are advised to take 5 mg folic acid daily. Because the neural tube closes very early (on the 26 th day after conception), all women of child-bearing age who have epilepsy and are not using safe means of contraception should take folic acid.
It was long suspected that children born to mothers who had taken enzyme-inducing AED tended to suffer more frequently from early neonatal bleeding. According to recent, albeit sparse, data, however, this risk is not significantly elevated. For this reason, the women concerned are currently not recommended to take vitamin K prepartum. According to guidelines in the USA, children born to drug-treated women with epilepsy should receive vitamin K postnatally in the same dosage as all other neonates (23) .
Complications of pregnancy
Current data suggest that the risk of premature birth, cesarean section, bleeding during pregnancy, or premature contractions is not significantly increased in women with epilepsy who take AED (19) . Only for those who smoke has a higher risk for premature contractions been described. Exposure to AED is thought to double the risk of delayed intrauterine development (small for gestational age, SGA). The 2-min APGAR score is more frequently under 7 in neonates exposed to AED (19) .
Childbirth
Delivery should take place at a center staffed by specialists in obstetrics, neurology, neonatology, and anesthesia. Home birth is not advised.
As a rule an epileptic seizure ends naturally after only a few minutes. The simple fact that drugs need time to take effect means there is no point in administering medication. Exceptions are a seizure lasting more than 5 min and status epilepticus. The first priority during a seizure is to protect mother and unborn child from injury (falls, abdominal compression). Placing a wedge in the mouth is obsolete.
If it becomes necessary to suppress a seizure, lorazepam should be preferred to diazepam because of its superior antiepileptic action and its lesser adverse effect on respiratory function (e15).
Pediatricians should always be on hand so that if a seizure occurs during childbirth the medical team can react without delay in the event of excessively prolonged sedation or when the child of a mother in status epilepticus develops hypoxia.
According to the EURAP study, the likelihood of an epileptic seizure during childbirth is 3.5%; the risk correlates closely with the number of seizures during pregnancy (16) .
Epilepsy does not indicate cesarean section or induction of labor per se. Cesarean section is recommended for women who suffer several minor seizures every day or at least one generalized tonic-clonic seizure per week, however, and may be indicated if birth is excessively prolonged, because particularly in generalized forms of epilepsy sleep deprivation increases the risk of a seizure. Sleep deprivation has a much lower impact on focal epilepsy (e16). Women with epilepsy should continue to take their normal dosage of AED during childbirth.
After childbirth
Mothers with epilepsy need to be informed about the risks they face. Sleep deprivation from breastfeeding can evoke seizures, so support is required. Diaper changing should be done on the floor, to avoid any risk of the child falling if the mother should have a seizure and lose consciousness. Infants should be bathed only in the presence of another adult (24) .
Breastfeeding
Mothers with epilepsy are not currently advised to desist from breastfeeding (17). All AED cross over into the breast milk in varying proportions (e11, e17). However, the plasma concentration of AED in the child is not determined solely by the amount of drug in the milk. Some AE may accumulate because the neonatal liver is not yet fully developed and drug elimination is delayed. 
Osteoporosis
More than half of all epilepsy patients on long-term AED treatment suffer from AED-induced osteopathy (25) . The risk of fractures is 5 to 6 times higher in epilepsy patients. Enzyme-inducing AED are known to have a negative impact on vitamin D metabolism. Valproate is thought to alter the ratio of osteoblasts and osteoclasts in favor of the latter. Newer AED have not yet been properly studied in this regard. The age of the patient should be a factor in deciding which AED to prescribe. Bone density measurement is therefore recommended before and 5 years after commencement of AED treatment in postmenopausal women. 
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